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Aortic stenosis (AS) is the most frequent heart valve disease in industrialized countries when considering patients referred to hospital. 1 Its prevalence sharply increases with age, and the number of cases is expected to double in the next 50 years due to population ageing and the lack of effective prevention strategies. 2 Following advances in knowledge of its pathophysiology, prevention initially targeted the early process of the development of AS, which shares common risk factors and metabolic pathways with atherosclerosis. 3 This approach was not successful, and consistent findings from all prospective, randomized trials showed that the use of statins did not slow the progression of AS. 3 One of the explanations is probably that patients included in these trials already had substantial calcium burden which was unlikely to be reversed. It remains possible that statins could be effective in aortic sclerosis, which is the early stage of calcific aortic valve disease before obstruction occurs. Nevertheless, strategies of prevention dedicated to AS would raise practical problems inherent in the need for massive screening because of its high prevalence. There is now growing interest in the mechanisms involved in the valve calcification process, searching for new metabolic targets in order to slow AS progression. 4 In addition to pathophysiological studies of the factors triggering and promoting calcium growth, a complementary approach is the direct analysis of the burden of calcific aortic disease and its clinical determinants.
In this issue of the journal, Thaden et al. report a retrospective analysis of 888 patients who underwent aortic valve replacement for pure, severe AS. 5 All explanted aortic valves were weighed, and valve weight was analysed with regards to patient characteristics, focusing on sex-related differences. In addition, 126 of the 888 patients also underwent multidetector computed tomography (MDCT) to assess aortic valve calcium score. The main findings are a progressive increase in valve weight according to the severity of AS, a higher valve weight in bicuspid than tricuspid valves, and a higher valve weight in men than in women, despite the absence of difference in stenosis severity and a thorough adjustment on potential confounders. Coronary artery disease, diabetes, and hypertension were associated with lower valve weight.
Valve morphology and sex were previously identified as determinants of the weight of explanted aortic valves in the pioneering works of Roberts.
6.7 The paper by Thaden et al. reports consistent findings, strengthens the reality of sex differences, and provides new insights into the determinants of aortic valve calcification. The study differs from those of Roberts in a number of features ( Table 1) . It includes a contemporary population of patients operated on between 2010 and 2012, thereby reflecting current patient presentation, management, and indications for interventions in AS. The severity of AS was assessed following an integrative approach combining flow-dependent indices and valve area, according to guidelines. This approach is more reliable than the measurement of peak gradient using cardiac catheterization as in previous studies.
Restricting inclusion to pure AS of degenerative origin ensures a more homogeneous population. Finally, the higher number of patients enables multivariate analysis to control for a higher number of potential confounding factors with an appropriate statistical power. The fact that sex differences in aortic valve weight persist after adjustment on left ventricular outflow tract diameter and body surface area is an important finding strongly supporting an intrinsic relationship between sex and valve weight. A more recent paper analysed aortic valve weight focusing on differences between paradoxical low-flow and normal flow AS. 8 Valve weight was lower in women than in men and in paradoxical low-flow than in normal flow AS. However, the difference between paradoxical low-flow and normal flow AS disappeared when analysing bicuspid and tricuspid valves separately. This is a further proof of the impact of aortic valve morphology on valve weight. Relationships between sex and AS have been identified at different stages of the disease. Male sex is one of the rare factors to be associated with both initiation and progression of calcific aortic disease. In the Cardiovascular Health Study, male sex was associated with an adjusted two-fold increase in the risk of aortic sclerosis. 9 Male sex was also associated with the progression of the disease, with an adjusted three-fold increase in the risk of progression from aortic sclerosis to AS. 10 In a study of 187 explanted aortic valves after surgery for AS, the degree of valvular calcification, quantitated using atomic absorption spectroscopy, was also higher in men than in women despite similar aortic gradients. 11 One of the hypotheses accounting for sex-related differences is the role of genetic factors. Different arguments contribute to support a genetic component in the development of calcific aortic valve disease, in particular the clustered geographical distribution of AS, 12 familial clustering in bicuspid aortic valve, 13 and findings from a genomewide linkage association study. 14 A number of gene polymorphisms have been related to bicuspid aortic valve or to calcific aortic valve disease, 14 suggesting complex polygenic interactions with environmental factors. Diabetes and hypertension have been associated with an increased risk of calcific aortic valve disease. 3 It may seem somewhat paradoxical that these factors were associated with lower aortic valve weight in the present study. However, patients with diabetes or hypertension often have impaired valvulo-arterial impedance and/or systemic compliance, which may account for symptom onset corresponding to less severe degrees of valve obstruction. Indications for surgery are based on AS severity but also on symptoms depending on complex interactions with the left ventricle, which may also be influenced by co-morbidities or risk factors. Another important finding of the study of Thaden et al. is the demonstration for the first time of a strong correlation between aortic calcium score, as assessed by MDCT, and aortic valve weight. Calcium score is gaining a growing interest as a marker of AS severity which is not influenced by loading conditions. The assessment of aortic calcium score is therefore particularly useful when flow indices and valve area are discordant. The evidence that calcium score reliably reflects the true calcium burden in the aortic valve reinforces its value as a relevant marker of AS severity. Sex-related differences in aortic valve weight observed in the present series further support the need for different AS severity cut-offs of calcium score between men and women, as recently proposed in a study combining Doppler echocardiography and MDCT. 15 Finally, an important lesson is that a simple approach consisting of weighing explanted aortic valves can add insights into the pathophysiology of AS, provided it is performed in a large series of carefully evaluated patients. The importance of morphology-and sex-related differences raises questions which should be kept in mind for future analyses of the determinants of calcific aortic disease. In addition, the strong relationship between valve weight and calcium score further supports the relevance and clinical usefulness of this quantitation of calcium burden. Going back to the basics of AS, i.e. the direct assessment of calcium deposit, remains an effective approach for improving the understanding and management of AS. Editorial
